Study on the effect of underwater noise on the behavior of dolphins by 牛富强
  
 
学校编码：10384                                           密级_____ 












Study on the effect of underwater noise on the behavior of 





指导教师姓名：许 肖 梅 教授 
专  业 名 称：海 洋 物 理 
论文提交日期：2017年 07月 
论文答辩时间：2017年 09月 
学位授予日期：2012 年 12月 
 
 






















另外，该学位论文为（    许肖梅 教授     ）课题（组）的研
究成果，获得（               ）课题（组）经费或实验室的资助，






声明人  （签名）： 
指导教师（签名）： 
 

























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：       





































































































Increased anthropogenic underwater noise from a variety of sources, including 
commercial ship, marine resources exploration, construction, acoustic research, etc, 
has seriously affected marine environment. The developed countries in Europe and 
America have increasingly concerned about the problem and carried out many 
studies. America issued a provisional standard in 2013, which regulated sound 
pressure level of pulsed signal should below 190 dB re 1 Pa for most marine 
mammals. However, impact assessment criterias and effective technological means 
are still missing in our country because the research started rather late and is not 
systematic. Compared with other marine mammals, there are relatively few studies 
on Chinese white dolphins at home and abroad. The IUCN (International Union for 
Conservation of Nature) Red List of Threatened Species lists Chinese white dolphins 
as a Near-endangered in 2008. How to effectively evaluate and reduce the impact of 
underwater noise on the Chinese white dolphin is an urgent problem to be solved.  
The effects of underwater noise on dolphins mainly include behavioral response, 
masking, hearing loss (temporary or permanent), organ damage and even death. 
Whether the dolphin behavior is affected is the minimum requirement to control 
underwater noise. Hence it is necessary to study the effects of underwater noise on 
dolphins' behavior. However, there are many difficulties to carry out experiments as 
dolphins live in the vast sea. So it is necessary to explore new ways to study the 
impact of underwater noise on dolphins’ behavior. A new model sponsored by office 
of naval research has been published in 2014. The model provides a means to 
simulate marine mammal movement and behavior under acoustic exposures.  The 
model predicts the effects of underwater noise on marine mammals based on 
numerous records of dolphins’ behavior, sound source, acoustic propagation and 
animal information. The current database can provide all the information needed in 
the model. So it is possible to use the model to study effects of underwater noise on 















In this paper, the effects of underwater noise on the behavior of Chinese white 
dolphins and bottlenose dolphins are studied based on comprehensive analysis of 
typical underwater noise source, acoustic propagation, analogy dolphin hearing and 
behavioral responses. The traditional experimental method is used in this study 
where the behavioral responses of captive bottlenose dolphins in Xiamen bay are 
carried out using an acoustic stimulus. Moreover, the paper explores new simulation 
method to predict effects of blasting sources on dolphins’ behavior. The 
characteristics of typical underwater noise, sound signals and behavior response 
threshold of bottlenose dolphins are obtained through the study in this paper.  
The main contents of the paper include the following parts: 
(1) Underwater noise is measured and analyzed. Firstly, based on knowledge of 
a review of research on underwater noise at home and abroad, the source 
classification of underwater noise is systematically analyzed. Then, using a large 
number of noise data obtained at coastal and deep sea in recent years, we study the 
acoustic characteristics of underwater noise sources including waveform, intensity 
and spectrum distribution. 
(2) Vocalization characteristics of dolphins are studied in the paper. Sound 
signals of dolphins are researched based on theoretical analysis, experiments and 
data analysis. Firstly, acoustic data are obtained. Then, the method of extracting and 
processing dolphins’ vocalization is described. Finally, sound signal characteristics 
of dolphins are given. 
(3) Field experiments are carried out to study effects of underwater noise on 
bottlenose dolphins. The effects of commercial sound equipment, pure and 
multi-pulse complex signal on the behavior of captive bottlenose dolphins in a 
floating pen are studied using behavioral methods. The threshold levels of behavior 
response to mid- and high- frequency signals are obtained from the experiments. 
(4) Effects of blasting on dolphins’ behavior are studied using the model. Based 
on a large number of available knowledge of species’ oceanic behavior, the model is 
used to predict behavior response of marine mammals to different underwater noises. 















literature review. Based on the results of vocalization and hearing of dolphins, the 
model of marine mammal movement and behavior is optimized. So that it can be 
employed to simulate effects of underwater noise on dolphin behavior. Definitions of 
species behavior include descriptions of horizontal and vertical rates, surfacing 
distances, and surfacing intervals. East Coast Sea in Xiamen and northern South 
China Sea continental shelf waters are chosen to carry out simulations using the 
optimized model. The results show that the dolphins quickly swim away from sound 
sources and dolphins’ diving rate significantly accelerates when exposed to 
underwater noise sources. Surfacing intervals reduce, but accumulated time of 
surfacing in one hour increases significantly. The prediction results of the model are 
consistent with the experimental results, so the reliability of the model is verified. 
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Union for Conservation of Nature）列入濒危野生动植物种国际贸易公约 CITES
（Convention on International Trade in Endangered Species of Wild Fauna and 
Flora）附录Ⅰ物种[1]。与其他濒危海洋哺乳动物相比，目前国内外对中华白海豚







然而，从 1997 年至 2007 年十年间，至少有 35 头中华白海豚死亡，仅 2004 年下

























声。美国国家海洋渔业局 NMFS（National Marine Fisheries Service）在 2012 年
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